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?1? ??
?
1.1 ??????
1908??????????????????? 100????????????? 8,000????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
?? [1]?
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????? [2¡18]?
???????????????????????????????????????????
??????? [1] ???????????????????????????????????
????????????????????????? [1] ?????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????????????????????? [1]????????????
1
?ER???Electrorheological fluid?[19];[20]??????MR???Magnetorheological fluid?[21];[22]
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????????????1980????????????????????
????????? F1?????????1989??????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????????
???????????????????????????????????????????
?????????????
1.2 ????????????
????????????????????????????????????????????
??????????? [2]¡[18]???????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????? [2]¡ [18]??????????????????????????????
????????????????????????????????????????????
?????? 1?????????????????????????????????????
????????????????????????????????????????????
??????
2
????????????????????????????????????? [23]¡[27]??
?????????????????????1???????????????????2???
?????????????? 1?????????????????????????????
??????????????????? [23]¡ [27]????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????? [28]¡ [34]????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????? [35]?????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????
1.3 ??????
???????????????????????????????????????????
???????????????????? 6???????????????????????
3
???????
???????????????????????????????????????????
??????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
?????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
?????????????
??????????????
4
????
C ????
CG ??
P ???
zcg ?? CG??????????
µ ?????????
zf ; zr ??????????
zuf ; zur ??????????????
wf ; wr ??????????
v ??????
m ????
ic ???????
a ????????
h ???? C???? CG?????
l ???? C????? P?????
muf ;mur ????????
kf ; kr ????????????
cf ; cr ????????
kuf ; kur ????????
uf ; ur ???????
² ²??????
L ??????
L¡1 ???????
s ???????
¸max[²] ?? ²??????
¸min[²] ?? ²??????
k ² k ?? ²????
In n£ n????
On n£ n???
5
?2? ??????????
??
2.1 ?????
?????? 2-1????????????????????? µ(t)????????????
?????????????????????
mÄzcg(t) = ¡cf ( _zf (t)¡ _zuf (t))¡ cr( _zr(t)¡ _zur(t))
¡ kf (zf (t)¡ zuf (t))¡ kr(zr(t)¡ zur(t)) + uf + ur
icÄµ(t) = (a¡ h)(¡cf ( _zf (t)¡ _zuf (t))¡ kf (zf (t)¡ zuf (t)) + uf )
¡ (a+ h)(¡cr( _zr(t)¡ _zur(t))¡ kr(zr(t)¡ zur(t)) + ur)
9>>>>=>>>>; (2.1.1)
muf Äzuf (t) = cf ( _zf (t)¡ _zuf (t)) + kf (zf (t)¡ zuf (t))¡ uf ¡ kuf (zuf (t)¡ wf (t))
murÄzur(t) = cr( _zr(t)¡ _zur(t)) + kr(zr(t)¡ zur(t))¡ ur ¡ kur(zur(t)¡ wr(t))
)
(2.1.2)
???????????????????? 1????
2.2 ??????????
???????????????????????????????????????????
?????????????????? [36]¡[38]??????????????????????
??????4?5[Hz]?????????????6[Hz]??????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????????????????????????? 1?6[Hz]?????
?????????????????????
6
? 2-1 ???????.
? 1 ????????
m 781 kg ic 990 kgm2
h 0.04 m a 1.38 m
kf 27160 N=m kr 29420 N=m
cf 4000 Ns=m cr 2500 Ns=m
muf 69 kg mur 96 kg
kuf 229000 N=m kur 255000 N=m
2.3 ????????????????
??????????On?In ? n£n?????????n£n???????????
? (2.1.1)?? (2.1.2)??????????????d(t) = [Äzc; Äµ]T ?????????????
?????????
Äxz(t) = d(t)¡H¡1 Äw(t)
Äxu(t) =¡Kuxu(t)¡M¡1u f(t)¡ Äw(t)
xz(t) = H¡1[zf (t)¡ wf (t); zr(t)¡ wr(t)]T
xu(t) = [zuf (t)¡ wf (t); zur(t)¡ wr(t)]T
d(t) =M¡1HTf(t)
f(t) = [ff (t); fr(t)]T
= ¡C _xs(t)¡Kxs(t) + u(t)
9>>>>>>>>>>>=>>>>>>>>>>>;
(2.3.1)
7
xs(t) = Hxz(t)¡ xu(t)
w(t) = [wf (t); wr(t)]T
u(t) = [uf (t); ur(t)]T
M = (TTh )
¡1diag[m; ic]T¡1h
Mu = diag[muf ;mur];K = diag[kf ; kr]
C = diag[cf ; cr];Ku =M¡1u diag[kuf ; kur]
Th=I2 ¡Dh; H=
"
1 a
1 ¡a
#
; D=
"
0 1
0 0
#
9>>>>>>>>>>>>>>=>>>>>>>>>>>>>>;
(2.3.2)
??????????????????????????????????????d(t) = [Äzc; Äµ]T
????????????? x(t) = [xTz (t);xTu (t); _xTz (t); _xTu (t);d
T (t)]T ???????????
??????????????????????????????????
_x(t) = Ax(t) +Bux(t)¡Dw Äw(t)
A = ¡ +BF
ux(t) = _u(t) + u(t)
x(t) = [xTz (t);x
T
u (t); _x
T
z (t); _x
T
u (t);d
T (t)]T
Dw = [O2; O2; (H¡1)T ; I2; O2]T
B = [O2; O2; O2; O2;HM¡1]T
9>>>>>>>>>=>>>>>>>>>;
(2.3.3)
¡ =
26666664
O2 O2 I2 O2 O2
O2 O2 O2 I2 O2
O2 O2 O2 O2 I2
O2 ¡Ku O2 O2 ¡DM
O2 O2 O2 O2 O2
37777775
F = [¡KH;¡CKu +K;¡(C +K)H;C +K;F5]
F5 = ¡C(H +M¡1u (HT )¡1M)¡ (HT )¡1M
DM =M¡1u (H
T )¡1M
9>>>>>>>>>>>>>>=>>>>>>>>>>>>>>;
(2.3.4)
?????????????????????????????????????????????
??????????? l = lp??????????????????????????????
????????????????????????????????????????????
?????
A1 ????? Äzf (t), Äzr(t), Äzuf (t)?????Äzur(t)????????
A2 ??????? ff (t); fr(t)????????
8
A3 ????????? xsf (t); xsr(t)????????
A4 ????????????? a????????? kuf ; kur ??????muf ;mur ???
????????????????
A5 ??????????x(0) = 0????
A6 ????? 3??? (w(t)(i); i = 0; :::; 3)?????????
???????????????????????????????????????????
?????????????????????????? A1?A3??????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????? A4???????? A5????????????????????
??????????????
9
?3? ?????????????????
??
?
3.1 ????????????????????
? 3-1-1???? [23]¡[27] ???????????????????????????????
????? Äw(t)?????????????????? (Combined Ideal Model)???????
???????????????????????????????????????????
??????????????????? x(t)????????????? xm(t)??????
ex(t) = x(t)¡ xm(t)?????????????????????????
????????????????????????????????????? Äw(t)???
?? xz(t), _xz(t), xu(t), _xu(t), d(t)???????
3.2 ??????????????
?????????? xz(t), _xz(t), xu(t), _xu(t), d(t) ???????? Äw(t) ??????
???????????? A1?3 ?? xs(t) = [xsf (t); xsr(t)], f(t) = [ff (t); fr(t)], Äz(t) =
[Äzf (t); Äzr(t)], Äzu(t) = [Äzuf (t); Äzur(t)]????????????????????????? xs(t),
f(t), Äz(t), Äzu(t)????????????????????????
???????????? Äz(t)???????????????????????d(t)(= H¡1Äz(t))
???????????????????????? Äz(t)??????????????? Äzu(t)
??????????????? Äxs(t)??????????????????? Äxs(t)????
????????? Äz(t)?????????????????? A4??????? xu(t)
xu(t) = K¡1u
µ
Äxs(t)¡ (H +M¡1u (HT )¡1M)d(t)
¶
(3.2.1)
10
Real Vehicle
u
w&&
+
−
m
x
Combined Ideal Vehicle
Tracking Controller
x
? 3-1-1 ?????????????.
???????????????????????? xs(t)?????? xu(t)????????
??????????????Hxz(t)
Hxz(t) = xs(t) + xu(t) (3.2.2)
?????????
?????????????????????????????????? xz(t), _xz(t), xu(t),
_xu(t), d(t)? Äw(t)???xz(t), xu(t), d(t)?????????????????????????
??????????????? [28]¡[34]?????? _xz(t)? _xu(t)? Äw(t)??????????
??? 4?? 4???????? _xz(t)? _xu(t)???????????????????????
????????????????????????? Äw(t)??????
3.3 ????????????
??????? Äw(t)???????????????????? ´(t)? ´(t) = [(Hxzv(t))T ;
¡®¡1wa(t)T ]T ??????????xzv(t) = _xz(t)?wa(t) = Äw(t)????®????????
?????????????????????????? ´(t)??
_´ (t) = ®C´BT´ ´(t) + C´Hd(t)¡ ®¡1B´ _wa(t)
B´ = [O2 I2]T ; C´ = [I2 O2]T
)
(3.3.1)
11
)(tx
z
α2
)(tHd +
α3
+
−
+
H
s
1 +
−s
1
α
)(ˆ1 tw
a
−
− α)(ˆ txH zv
α3 α2
++
? 3-3-1 ??????????.
????????????? (3.3.1)??????????? ´(t)??????????
b´(t) = (3®C´ + 2®B´)Hxz(t) + ³(t)
_³(t) = ®A´ b´(t) + C´Hd(t)
³(0) = ¡(3®C´ + 2®B´)Hxz(0)
A´=
"
¡3I2 I2
¡2I2 O2
#
9>>>>>>>=>>>>>>>;
(3.3.2)
?? A5???´(0) = [0 0]T ??????? b´(t)????? b´(0) = [0 0]T ????????
? (3.3.2)??????????????????????????
_b´(t) = (3®C´ + 2®B´)CT´ e´(t) + ®C´BT´ b´(t) + C´Hd(t);e´(t) = [(Hexzv(t))T ;¡®¡1 ewa(t)T ]T = ´(t)¡ b´(t)
)
(3.3.3)
????? e´(t) = ´(t)¡ b´(t)???????? (3.3.1)?? (3.3.3)?????????????
??????
_e´(t) = ®A´ e´(t)¡ ®¡1B´(t) _wa(t) (3.3.4)
???????????????????????????????????????????
????????????????????????????????????????????
??????? (3.3.4)???????????????? (3.3.2)???????????????
????? 3-3-1???????????????????????????????? 3-3-2?
???
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Real Vehicle
u
w&&
+
−
xˆ
m
x
Combined Ideal Vehicle
Tracking Controller
Observer
xˆ
a
wˆ
x
~
? 3-3-2 ??????????????????????.
?? A5?A6?????????????????????????????????????
????
?? 1 ??????????????????????
kewa(t)k2 · ®¡2½w (3.3.5)
????½w ???????? ®??????????????????
?? 1???: ? (3.3.4)???
_e´(t) = ®A´ e´(t)¡ ®¡1B´(t) _wa(t)
A´=
"
¡3I2 I2
¡2I2 O2
#
; B´=
"
O2
I2
#9>=>; (3.3.6)
?????????????? V (t) = e´(t)TP e´(t)????????????
_V (t) = ¡2®e´(t)TA´ e´(t)¡ 2®¡1 e´(t)TPB´ _wa(t) (3.3.7)
P ?? (3.3.8)??????????????????????
A´
TP + PA´ = ¡2I4
A´=
"
¡3I2 I2
¡2I2 O2
# 9>=>; (3.3.8)
13
????
¡2®¡1 e´(t)TPB´ _wa(t) · ®e´(t)e´(t)T + ®¡3kPB´k2k _wa(t)k2 (3.3.9)
???????????????
_V (t) · ¡®e´(t)e´(t)T + ®¡3kPB´k2k _wa(t)k2 (3.3.10)
??????A6???kPB´k2k _wa(t)k2 · ½a??????????????? ®???????
???? ½a ????????????
1
¸max[P ]
e´(t)TP e´(t) · e´(t)T e´(t) (3.3.11)
???
_V (t) · ¡® 1
¸max[P ]
V (t) + ®¡3 ½a (3.3.12)
????? (3.3.12)???
V (t) · e¡® 1¸max[P ] tV (0) + ®¡4¸max[P ] ½a (3.3.13)
?????????? A5???????????????? V (0) = 0???????
V (t) · ®¡4¸max[P ] ½a (3.3.14)
???????
¸min[P ]e´(t)T e´(t) · e´(t)TP e´(t) = V (t) (3.3.15)
???????
e´(t)T e´(t) · ®¡4¸max[P ]
¸min[P ]
½a (3.3.16)
????????
¸max[P ]
¸min[P ]
½a = ½w (3.3.17)
??????????? 1?????.
(???)
?? 1????????????
14
R1-1 ??????? ®????????????????????????????????
R1-2 ?????????? ®????????????????????????????
???????
R1-3 ??????????????????? 1?? (3.3.5)??????????????
????????????????????????
3.4 ??????
???????????????????????????????? 1?? 2?? 3?????
??????????????????????????? v = 100£1000=3600[m=s]??????
??????????????????wf (t) = wr(t¡L); L = 2a=v?? (3.4.1)?(3.4.3)????
????????? 1[Hz]?3[Hz]???? 6[Hz]????????????????? 3-4-1(a)??
3-4-1(b),? 3-4-1(c)????
ws(t) =
8><>:
`a
2
(1¡ cos !t); 2¼
!
> t ¸ 0
0 ; t ¸ 2¼
!
(3.4.1)
wf (t) = L¡1
·
w2n
s2 + 2wn +w2n
L[ws(t)]
¸
; wn = 100 (3.4.2)
`a = ¡1:50£ 10¡2; ! = 2¼ (1 [Hz])
`a = ¡1:52£ 10¡2; ! = 6¼ (3 [Hz])
`a = ¡1:60£ 10¡2; ! = 12¼ (6 [Hz])
9>=>; (3.4.3)
? 3-4-2(a)?3-4-4(a)?????????????????????????waf (t)?????
??? 3-4-2(b)?3-4-4(b)???????????????????? ewaf (t)???????
? 3-4-2(a)?3-4-4(a)????? 3-4-2(b)?3-4-2(b)?????????? ®?????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????????????????????????????
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(a)  1 [Hz]
(b)  3 [Hz]
(c)  6 [Hz]
0 1 2
0
1
2
3
[cm]
[s]
0 1 2
0
1
2
3
[cm]
[s]
0 1 2
0
1
2
3
[cm]
[s]
? 3-4-1 ???? wf (t).
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(b)  Response of         ( 3 [Hz] ) )(~ tw
a
? 3-4-3 ????????? 3[Hz]????waf (t)???? ewaf (t)????
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(b)  Response of         ( 6 [Hz] ) )(~ tw
a
? 3-4-4 ????????? 6[Hz]????waf (t)???? ewaf (t)????
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?4? ????????????????
??
?
4.1 ???????
???????????????????????????????????????????
????????????????????? 4-1(b)???????????????? l = ¡1[m]
?? 4-1(a)???????????????????????????????????????
?????????????1?6[Hz]???????????????????????? 4-1(b)
? Pmg?????? 25[dB]??????????????????? l????????????
4-1(c)?????????????????????????????????????????
??????? (? 4-1(c))????????????
18
-3 -2 -1 0 1 2 3
20
24
28
32
[dB]
[m]
M
a
x
im
u
m
 g
ai
n
(c)  最大ゲイン線図
(a)  車体上の注目点
Position of the reference point on the vehicle
1 5
-5
0
10
20
30
[dB]
[Hz]
25
(b) [m]の位置におけるゲイン曲線
Frequency of road disturbance
G
ai
n
25
6 10
mg
P
mg
P
1−=l
1−=l [m]
? 4-1 ???????.
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4.2 ?????????????????
??????? [23]??????????????????????????????????
???????2?????????????? ` = `m = 2[m]?` = ¡`m = ¡2[m]??????
??????????????????? I???????? II??????
??????? I?
_xd1(t) = (A¡BG1)xd1(t)¡Dw Äw(t)
xd1(t) = [xTzd1(t);x
T
ud1(t); _x
T
zd1(t); _x
T
ud1(t);d
T
d1(t)]
T
)
(4.2.1)
??????? II?
_xd2(t) = (A¡BG2)xd2(t)¡Dw Äw(t)
xd2(t) = [xTzd2(t);x
T
ud2(t); _x
T
zd2(t); _x
T
ud2(t);d
T
d2(t)]T
)
(4.2.2)
????Gi; i = 1; 2???? ` = `m = 2[m]?` = ¡`m = ¡2[m]???????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????? I?II???????????????? l????????? Äzl(t)?
????????? Äµ(t)??acc(l; t) = (I2+Dl)d(t)????????????????? (I2+Dl)
?????????? ­(y1; y2)???????????? xm1(t); xm2(t)??????????
????????
T (y1; y2) = I2 ¡D(y1 ¡ y2)
­(y1; y2) = diag[T (y1; y2); I2; T (y1; y2); I2; T (y1; y2)]
)
(4.2.3)
xm1(t) = ­(`p; `k)xd1(t)
= [xTzm1(t);x
T
um1(t); _x
T
zm1(t); _x
T
um1(t);d
T
m1(t)]
T
xm2(t) = ­(`p;¡`k)xd2(t)
= [xTzm2(t);x
T
um2(t); _x
T
zm2(t); _x
T
um2(t);d
T
m2(t)]
T
9>>>>=>>>>; (4.2.4)
???????? ­(y1; y2)????????????????????????? 4-2-2???
????????????????????????????????????????????
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[dB]
–1 –2
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大
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大
ゲ
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? 4-2-1 ??????? I???? II.
??????????????????????????????
_xm(t) = ¡xm(t) +B(°1Fm1­¡1(`p; `k)xm1(t) + °2Fm2­¡1(`p;¡`k)xm2(t))
¡Dw Äw(t)¡Dm e¢(t) (4.2.5)
xm(t) = °1xm1(t) + °2xm2(t)
= [xTzm(t);x
T
um(t); _x
T
zm(t); _x
T
um(t);d
T
m(t)]
T
°1 =
`p + `k
2`k
; °2 = ¡`p ¡ `k2`kedm(t) = dm1(t)¡ dm2(t)e¢(t) =M¡1u (HT )¡1 `2p¡`2k2`k MDedm(t)
Fm1=(HT )¡1MT (`p; `k)M
¡1
HT (F¡G1)
Fm2=(HT )¡1MT (`p;¡`k)M¡1HT (F¡G2)
fm(t)=
2P
i=1
°iFmi­¡1(`p; (¡1)i¡1`k)xmi(t)
Dm = [02; 02; 02; I2; 02]T
9>>>>>>>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>>>>>>>;
(4.2.6)
????` k???????????????????????????????????` k = ¡1:3m
????????????? e¢(t)??????? Dedm = [Äµm1(t) ¡ Äµm2(t); 0]T ???????
??????????? G1; G2 ?????????????Äµm1(t)???? Äµm2(t)??????
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?????? xm1(t); xm2(t)???????????????????? (4.2.5)?(4.2.6)????
?? e¢(t)??????????
?????????????????????????????????????? 1?? 2?
? 3?????????????????????????????????????? I(4.2.1)?
?????????? II(4.2.2)??????????????G1; G2??LQ?????????
?????????????????
_xN (t)=AxN (t) +Bux(t)¡Dw Äw(t)
xN (t)=[xTNz(t);x
T
Nu(t); _x
T
Nz(t); _x
T
Nu(t);d
T
N (t)]
T
)
(4.2.7)
????
J=
Z 1
0
(qTN`m(t)EqiqN`m(t) + x
T
Ns(t)EsixNs(t)
+xTNz(t)EzixNz(t) + x
T
Nu(t)EuixNu(t)
+uTx (t)Riux(t))dt (4.2.8)
???????????????????
qN`m(t) = [ÄzN`m(t); ÄµN (t)]
T ??? ` = `m?????????????? ÄzN`m(t)??????
???? ÄµN (t)???????????xNs(t) = HxNz(t)¡xNu(t)?????????????
????Eqi; Esi; Ezi; Eui; Ri ??????????????????? (4.2.9)?(4.2.10)????
Es1=3£ 104I2; Eu1=106I2
Ez1=104I2; R1=10¡7I2
Tq1=I2 ¡ 2D
Eq1=(TTq1)
¡1diag[60; 5]T¡1q1
9>>>>=>>>>; (4.2.9)
Es2=2:86£ 104I2; Eu2=3:15£ 105I2
Ez2=3:15£ 103I2; R2=10¡7I2
Tq2=I2 + 3D
Eq2=(TTq2)
¡1diag[20; 1]T¡1q2
9>>>>=>>>>; (4.2.10)
??????????????????????????? I?II??????????????
????????
??????????????????G1; G2??????????????????6[Hz]?
??????????????????? 4-2-3??????????????????????
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??????? ` = ¡2; 2???????????????????????? 4-2-3????
????? ` = ¡2; 2[m]????????????????????????????????
????????????????????????????????????????????
?????????????? `p = ¡0:5; 0:5[m]?????????????????????
4-2-4?????????????????????????????? `p ? `p = ¡0:5; 0:5[m]
?????????????????????????? 4-2-4?????????? `p????
??????????????????????????????????????`p = 0:5??
????????????????????????????????????????????
???????`p = ¡0:5[m]???????????????????????????????
`p = 0:5?1[m]?????????????????????????????????????
????????? `p = ¡0:5; 0:5[m]??????????????????????????
??????????????????????`p?????????????????????
????????????????????????????????????? `p ?????
??????????? `?????? 4-2-5????? 4-2-5????????????????
??????? `p ??????????????????
?????????? `p?????????????????????????????? 4-2-6
????? 4-2-6??????????????????` = ¡2?2[m]????????????
?????????????????? 21[dB]???????????????
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???????????????????????????? l = ¡1(lp = ¡0:3)?l = 0(lp = 0:1)?
l = 1(lp = 0:4)[m]????????????????????????????????????
??????????????? v = 100£1000=3600[m=s] = 100[km=h]????????????
? 1?? 2?? 3???????????? 3-4-1???? 1[Hz]?3[Hz]?6[Hz]????????
????????????????????????????????? 4-2-7?4-2-9?????
??????(a),(c),(e)??????????????????(b),(d),(f)???????????
???????????????????????????????????
????????? 1[Hz]????????????????????????????????
????????????????????????????????????????????
????????????? 3[Hz]??????????? l = 0[m]?????????????
????????????????????????????????????????????
????????????????????????????????l = ¡1?l = 1[m]????
????????????????????????????????????????????
??? 6[Hz]??????????? l = 0[m]???????????????????????
????????????????????????????????????????????
??????????????????????l = ¡1?l = 1[m]??????????????
????????????????????????????????????????????
??????????????????????
????????????????????????????? l = 0[m]?????????
????????????????????????????????l = ¡1?l = 1[m]????
????????????????????????????????
???????????????????????????????????????????
???
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4.3 ????????????????????????????
??
? 3?????????????????????? 3-3-2????????????????
?????????????????? bwa(t)???????????????????????
?????????????????????
? 3??????????3.3.2????????? bwa(t)?????????????
_xm(t) = ¡xm(t) +B(°1Fm1­¡1(`p; `k)xm1(t) + °2Fm2­¡1(`p;¡`k)xm2(t))
¡Dw(ewa(t) + Äw(t))¡Dm e¢(t) (4.3.1)
_e´(t) = ®A´ e´(t)¡ ®¡1B´(t) _wa(t) (4.3.2)
????????????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????????
????????? 4-3-1????????????????????????????????
???????????????????????????? ®???????????????
??????????????????????????????????® = 1000?????
???????????????????????????
???®???????????????????????????????????????
1?6[Hz]???? ®???????????????????????????????????
?????????????????????????????????? 4-3-2???????
???????????????? ®??????? 1?6[Hz]????????????????
???????????????????? 1%??????????????????????
???® ¸ 1000?????? 1%?????????????????????????????
???????-3.6[dB]???? 5.3[Hz]??????????????? 1%? 0.036[dB]???
?????????????????? ®??? ® = 1000??????????????????
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4.4 ??????????????????
4.4.1 ?????????????
????????????????????????????????????????????
???????????????????????????????????????
????????????????
exz(t) = xz(t)¡ xzm(t)exu(t) = xu(t)¡ xum(t)
_exz(t) = _xz(t)¡ _xzm(t)
_exu(t) = _xu(t)¡ _xum(t)ed(t) = d(t)¡ dm(t)
9>>>>>>=>>>>>>;
(4.4.1)
????? (4.4.1)????? (2.3.1)????????????????????
Äexz(t) = ed(t);
_ed(t) =M¡1HT (Fx(t) + ux(t))¡ _dm(t)
Äexu(t) = ¡Kuexu(t)¡M¡1u (HT )¡1Med(t) +¢u(t)
¢u(t) = e¢(t)¡M¡1u (HT )¡1fMdm(t)e¢(t) =M¡1u (HT )¡1 `2p¡`2k2`k MDedm(t)
9>>>>>>>>>>>=>>>>>>>>>>>;
(4.4.2)
?????????????????ux(t)???? exz(t)?ed(t)??????????????
????????????????????exu(t)?????????????????????
???????????????????????????????????
»0(t) = exz(t)¡ (MuH)¡1L¡1· ¯(s+ ®u)L[exu(t)]
¸
(4.4.3)
??? ®u ? ¯ ????????????? (4.4.2)?? (4.4.3)???????????????
33
L[exz(t)] = L[»0(t)]¡ ¯(MuH)¡1Au(s)¡1M¡1u (HT )¡1ML[¹(t)]
+ ¯(MuH)¡1Au(s)¡1L[¢u(t)]
L[exu(t)] = Au(s)¡1(s+ ®)L[¢u(t)]
¡Au(s)¡1(s+ ®)M¡1u (HT )¡1ML[¹(t)]
L[ed(t)] = L[¹(t)]¡ ¯s2(MuH)¡1Au(s)¡1DML[¹(t)]
+ ¯s2(MuH)¡1Au(s)¡1L[¢u(t)]
¹(t) = Ä»0(t)
Au(s) = (s+ ®)(s2I2 +Ku) + ¯s2((MuH)T )¡1M(MuH)¡1
9>>>>>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>>>>>;
(4.4.4)
? (4.4.4)??????????????????????????? (4.4.3)?????????
???????????????
»(t) = »0(t) + 2 _»0(t) + Ä»0(t) (4.4.5)
???????? »0(t)? _»0(t)?Ä»0(t)???????????????????????????
??????????? (4.4.1)???????????????
? (4.4.1)?(4.4.4)????????????????????
_»(t) =M¡1
½
HTux(t) + £m!m(t) + £»»(t) +H»x»(t)
¾
_x»(t) = J»x»(t) +K»»(t); J» 2 R10£10; K» 2 R10£2; x»(t) 2 R10
£m!m(t) = HTFxm(t)¡HTfm
+ L¡1
h
f¯(FH1 + sFH3 + s2FH5 ¡ s3M)(MuH)¡1
+ (s+ ®u)(FH2 + sFH4)gAu(s)¡1¢u(s)
i
£» = (2M + FH5 +DM )
H»x»(t) = L¡1
h
H»L[x»(t)]
i
=L¡1
"
1
(s+ 1)2
6X
i=1
H»i(s)L[»(t)]
#
H»1(s) = FH1
H»2(s) = (M + FH3)s
H»3(s) = ¡(2s+ 1)(2M + FH5)
H»4(s) = ¡(s2FH1 + s3FH3 + s4FH5)¯(MuH)¡1Au(s)¡1DM
H»5(s) = ¡s2(s+ ®u)(FH2 + FH4s)Au(s)¡1DM
H»6(s) =M(MuH)¡1Au(s)¡1
³
¯s5DM ¡ (s+ 1)2Au(s)(MuH)M¡1DM
´
£m 2 R2£2; £» 2 R2£2
9>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>;
(4.4.6)
34
?? £m?£»?H» ??????????????????????????????????
?????????????????????J» ??(s + 1)2det[Au(s)] = 0?????????
??????
?????????Au(s)?????????????????????? »(t)?????????
???? (4.4.1)??????????¢u(t)???????????????? eKu = Ku ¡Ku?
fM =M ¡M ??????Dedm(t)????????????????????????????
??????????????????????????????(4.4.1)?(4.4.2)???????
?????????????????????????????????
4.4.2 ?????????
???????? Au(s)????????????????????????????????
???? »(t)???????????????????????????? eKu 6= O2?fMu 6= O2
????????????????? 4?? 6???????????????????????
??
?? ???????????? ®u?????Mb?????Ku????????? Au(s)??
????????????????
?????
?????????????????
_z(t) = AZz(t); z(t) = [z1(t)T ; z2(t)T ; z3(t)T ]T
AZ =
264 O2 I2 O2O2 O2 I2
¡®uKu ¡Ku ¡ Lb
375
Lb = ®uI2 +Mb; Mb = ¯
¡
(MuH)T
¢¡1
M(MuH)¡1
9>>>>>>>>=>>>>>>>>;
(4.4.7)
?????? Lb??????????? ®u???????????????????? (4.4.7)?
??????????????Au(s)????????????????????????®u > 0?
35
M > 0?Mu > 0?Ku > 0?????????? (4.4.7)??????????????????
??? ATZPZ + PZAZ = ¡Q????????? PZ???? Q???????????
?? PZ ?
PZ =
264 (1 + °u®u)Ku Lb +
°u®u
± Ku I2
Lb + °u®u± Ku °u(Lb +
1
±Ku) °uI2
I2 °uI2
°u
± I2
375
± = ®u + 0:5¸min[Mb]
9>>>>>=>>>>>;
(4.4.8)
°u > max
½ kLbk2
¸min[Ku]¸min[Lb]
;
2±(2kLbk+ ¸min[Lb]) + 2kLbk2
¸min[Ku]¸min[Mb]
; ±
kLbk+
pkLbk2 + ¸min[Ku]
¸min[Ku]¸min[Mb]
¾
(4.4.9)
?????????? PZ ??????????????
??????? y(t) =
£kz1(t)k; kz2(t)k; kz3(t)k¤T ????????
°u®uz
T
1 Kuz1 + 2
®u°u
±
zT1 Kuz2 +
°u
±
zT2 Kuz2 ¸
°u®
2
u
±
zT1 Kuz1 + 2
®u°u
±
zT1 Kuz2 +
°u
±
zT2 Kuz2 ¸ 0
(4.4.10)
???????????
z(t)TPZz(t) ¸ y(t)T
264 ¸min[Ku] ¡ kLbk ¡1¡kLbk °u¸min[Lb] ¡ °u
¡1 ¡ °u °u±
375y(t) (4.4.11)
? (4.4.9)???°u ???????????
°u >
kLbk2
¸min[Ku]¸min[Lb]
; and °u >
2±(2kLbk+ ¸min[Lb]) + 2kLbk2
¸min[Ku]¸min[Mb]
; (4.4.12)
??? ¸min[Lb] = ®u + ¸min[Mb]?????? (4.4.9)?????264 ¸min[Ku] ¡ kLbk ¡1¡kLbk °u¸min[Lb] ¡ °u
¡1 ¡ °u °u±
375 (4.4.13)
??????????????????????????????PZ????®u > 0?Mb?Ku > 0
????????????
???????????? Q????????
36
Q = ¡ATZPZ ¡ PZAZ =
264 2®uKu O2 O2O2 Q22 ¡ I2
O2 ¡ I2 Q33
375
Q22 =
°u¸min[Mb]
±
Ku ¡ 2Lb
Q33 = 2°u
³1
±
Lb ¡ I2
´
9>>>>>>>>>>=>>>>>>>>>>;
(4.4.14)
Ku ?????????®u ???????????????????? Q?????
Q2 =
"
Q22 ¡ I2
¡ I2 Q33
#
(4.4.15)
????????????Q?????????????????????Q2????????
??????
xq(t) = [z1(t);z2(t)]T?yq(t) = [kz1(t)k; kz2(t)k]T ????????
xq(t)
"
Q22 ¡ I2
¡I2 Q33
#
xq(t) · yq(t)TQzyq(t)
Qz =
"
°u
± ¸min[Mb]¸min[Ku]¡ 2kLbk ¡ 1
¡1 °u± ¸min[Mb]
#
9>>>>>>=>>>>>>;
(4.4.16)
????°u ??
°u > ±
kLbk+
pkLbk2 + ¸min[Ku]
¸min[Ku]¸min[Lb]
; and °u >
2±kLbk
¸min[Ku]¸min[Mb]
(4.4.17)
???????????????? Qz ??????????????????????????
???? Q???? ®u > 0?Mb?Ku > 0??????????????????
???????? ®u > 0?Mb?Ku > 0?????ATZPZ + PZAZ = ¡Q?????????
Pz?Q????????????
(???)
? (4.4.5)???????????????????????????????????????
37
???????????
u(t) = L¡1
·
1
s+ 1
L[ux(t)]
¸
= ¡(HT )¡1(°I2 +£»)L¡1
·
2s
s+ 1
L[exz(t)]¡ s
s+ 1
(MuH)¡1
¯s
s+ ®u
L[exu(t)]¸
+ u2(t)
_u2(t) = ¡u2(t)
¡ (HT )¡1L¡1
·
(°I2 +£»)
³
L[»0(t)] + L[ed(t)]¡ 2(MuH)¡1 ¯ss+ ®uL[exu(t)]
´
+£mL[!m(t)]
¸
9>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>;
(4.4.18)
?? ²???? ²???????????????????????????? °???????
????????????????????????????????????????????
????????????????????? _xz(t)???????????? _xu(t)?????
????????????????????????????????????????
??????????????????? (4.4.18)?????????? ux(t)??
ux(t) = ¡(HT )¡1
½
°»(t) + £m!m(t) + £»»(t)
¾
(4.4.19)
???????
4.4.3 ?????????????????????
?????? (4.4.18)????????????????????????????
?? 2 ??????? ° ?
2° ¡ ¸max[M ] ½»1 > 0
½»1 = 1 + kM¡
1
2 k2kH»k2 + 2ke£»kkM¡ 12 k2 + kP»k2kK»k2M¡ 12 k2
9=; (4.4.20)
??????????????? (4.4.18)???????????????????
?? 2???
???? »(t)???????????????????? V (t)???????????????
V (t) = V1(t) + V2(t)
V1(t) = »(t)TM»(t); V2(t) = x»(t)TP»x»(t)
9=; (4.4.21)
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?????? P» ???????????????????????????
J»
TP» + P»J» = ¡3I10 (4.4.22)
????? (4.4.21)???????
_V (t) = 2»(t)TM _»(t) + 2x»(t)TP» _x»(t)
= ¡2°»(t)T »(t) + 2»(t)T e£m!m(t) + 2»(t)T e£»»(t) + 2»(t)TH»x»(t)
+ x»(t)T (J»TP» + P»J»)x»(t) + 2x»(t)P»K»»(t)
9>>>>=>>>>; (4.4.23)
????????????? (4.4.24)??????
¡2°»(t)T »(t) · ¡ 2° 1
¸max[M ]
»(t)TM»(t)
2»(t)T e£m!m(t) = 2»(t)TM 12M¡ 12 e£m!m(t) · »(t)TM»(t) + kM¡ 12 k2ke£mk2k!m(t)k2
2»(t)T e£»»(t) = 2»(t)TM 12M¡ 12 e£»M¡ 12M 12 »(t) · 2kM¡ 12 k2ke£»k»(t)TM»(t)
2»(t)TH»x»(t) = 2»(t)TM
1
2M¡
1
2H»x»(t) · kH»k2kM¡ 12 k2»(t)TM»(t) + kx»(t)k2
2x»(t)P»K»»(t) = 2x»(t)P»K»M¡
1
2M
1
2 »(t)
· kx»(t)k2 + kP»k2kK»k2kM¡ 12 k2»(t)TM»(t)
¡x»(t)Tx»(t) · ¡ 1
¸max[P»]
x»(t)TP»x»(t)
9>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>;
(4.4.24)
? (4.4.23)?????????????
_V (t) · ¡
(
2°
¸max[M ]
¡ ½»1
)
V1(t)¡ 1
¸max[P»]
V2(t) + ½»2
½»2 = kM¡
1
2 k2ke£mk2k!m(t)k2
9>>>=>>>; (4.4.25)
? (4.4.20)???2° ¡ ¸max[M ] ½»1 > 0????????????
V (t) · e¡±tV»(0) +
½»2
±
± = min
½
2°
¸max[M ]
¡ ½»1;
1
¸max[P»]
¾
9>>>=>>>; (4.4.26)
????????????? (4.4.5)??????????????
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(???)
?? 2????????????????????????????????????????
????????????????????
? 1 ?????? (4.4.18)????????????????????????????????
????? ° ?? (4.4.20)?????????????????????????????
k»(t)k2 · ¸max[M ] ½»4¡
2° ¡ ¸max[M ] ½»3
¢
¸min[M ]
(4.4.27)
?????½»i; i = 1; 3; 4??° ?????????????
? 1???
???????? V»(t)??
V»(t) = »(t)TM»(t) (4.4.28)
????? (4.4.25)????????????????????????
_V»(t) · ¡
(
2°
¸max[M ]
¡ ½»3
)
V»(t) + ½»4 (4.4.29)
????½»3?½»4 ??
1 + kM¡ 12 k2kH»k2 + 2ke£»kkM¡ 12 k2 = ½»3
kM¡ 12 k2ke£mk2k!m(t)k2 + kx»(t)k2 · ½»4
9>=>; (4.4.30)
????? ®??????????????????? (4.4.20)???2° ¡ ¸max[M ] ½»1 > 0??
????
V»(t) · e¡
©
2°
¸max[M]
¡½»3
ª
tV»(0) +
½»4
2°
¸max[M ]
¡ ½»3
(4.4.31)
????????????? A5???????????????? V»(0) = 0???????
V»(t) ·
½»4
2°
¸max[M ]
¡ ½»3
(4.4.32)
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??????????
¸min[M ]»(t)T »(t) = ¸min[M ]k»(t)k2 · V»(t) (4.4.33)
??????? (4.4.27)??????????
(???)
? 1????????????
R2 ?????????????????????????????????????????
?????? ° ???????? k»(t)k????????????
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4.5 ?????????????????????
????????????????????????????????????????? 4-5-1
?????????????????????????? l = ¡1 (lp = ¡0:3)?l = 0 (lp = 0:1)?
l = 1 (lp = 0:4) ?????????????????????????????? 1?? 2 ?
? 3???????????????????????? 4?? 2??????????????
???????? ® = 1000; ®u = 10; ¯ = 10 ?????????, ????????? ° ??
° = 3 £ 105; 3£ 106; 3£ 107; 3£ 108 ?????????????????? 4-5-2??????
????????????????????????????????????????????
?????????????????????????????????????????
????????????? °?????????????????????????????
?????????????° = 3 £ 107 ?????????????????????????
????????????????????????????
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?????????????????? 3-4-1????????? v = 100£ 1000=3600[m=s]?
????????????????????????????????????????????
?????l = §1:5?§ 1?§ 0:5?0[m]????? 4-5-3(a)?4-5-9(a)????????????? 1
?? 2?? 3???????????????????????? 4?? 2??????????
?????????????® = 1000; ®u = 10; ¯ = 10; ° = 3 £ 107 ???????????
? 4-5-3?4-5-9?????????????????????????????????????
???????????????????????
? 4-5-3?4-5-9??????? l = §1:5;§1;§0:5[m]???????????????????
????????????????????????????????????????????
? l = 0[m]??????????????? 3?6[Hz]????? 4?? 2??? 4-2-5(c)?4-2-7(c)
????????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????? lp??????????
???????????????????????????????????
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4.6 ????????????????????????
???????????????????????????????????????????
?????????????????????® = 1000; ®u = 10; ¯ = 10; ° = 3£ 107????
??????? l = ¡1(lp = ¡0:3); 0(lp = 0:1); 1(lp = 0:4)[m]???????????????
??K????????? C?????M ,??????? ic????? h??????????
???????????????????K?C?M?ic?h????????0.8???????
?????????????????????????????1.2?????????????
???????
????M ?M = (0:8M; M; 1:2M)??????????????????????? 4-6-1
???????????? l = 1(lp = 0:4)[m]???????????????????????
?????????????????????? 0.1[dB]??????????????????
????????????????????? l = ¡1(lp = ¡0:3)?0(lp = 0:1)????????
????????????????????????????????????????????
???M ?????????????????????????????????
??????? ic ? ic = (0:8ic; ic; 1:2ic)???????????????????????
4-6-2???????????? l = 0(lp = 0:1); 1(lp = 0:4)[m]???????????????
???????????????????0.1[dB]??????????????????????
??????????????????? l = ¡1(lp = ¡0:3)????????????????
????????????????????????????0.1[dB]?????????????
????????????????????????????????????????????
?????? ic ?????????????????????????????????
? 4-6-3????? 4-6-4 ??????????????? K???????????? C ?
K = (0:8K; K; 1:2K)???? C = (0:8C; C; 1:2C)????????????????????
?????????????????????? K???????????? C ???????
???????????????
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???? h ? h = (h ¡ 0:1; h; h + 0:1) ???????????????????????
4-6-5????(h ¡ 0:1)?(h)?(h + 0:1)?????????????????????????
l = 1(lp = 0:4)???? l = ¡1(lp = ¡0:3)[m]?????????????-2[m]???????
???????????????????????????????§1:5[m]?????????
????????????????????? h??????????????????????
??????
???????????????????????????? (M = 0:8M; ic = 1:2ic; h =
h¡ 0:3)???????????????????? 4-6-6??????????????????
?????????????????????????? 4-6-6??????? l = 1(lp = 0:4)[m]
????????????????????? 0.5[dB]????????????????????
l = ¡1(lp = ¡0:3); 0(lp = 0:1)????????????????????0.1[dB]??????
?????????????
????????????????????????????????K?????????C?
????M , ??????? ic????? h???????????????????????
???
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?5? ??????????????
?
5.1 ????????????
? 2?? 5??????????????????????????????????????
????????????????????????????????????????????
????????????? [38]¡[40] ???????????????????????????
???????????????? 0.05[m/s2]?????? 0.12[N]??????? 1£ 10¡5[m]?
??????????????????????????? ²??y²(t) = ²+ "²(t)??????
???????????????????
A7 ??????????????????????
???????yÄz(t) = Äz(t)+"Äz(t)?yÄzu(t) = Äzu(t)+"Äzu(t)?yxs(t) = xs(t)+"xs(t)?yf (t) =
f(t)+"f (t)???????????? "i(t)?, "Äz(t) = 0:05±Äz(t)? "Äzu(t) = 0:05±Äzu(t)? "xs(t) =
1£ 10¡5±xs(t)?"f (t) = 0:12±f (t)???????? j±²(t)j · 1????
???? y²(t) ????????????? xu(t)?????????? xz(t) ??? (3.3.1)?
(3.3.2)??????????????
yxu(t) = ¡K¡1u
³
yÄzu(t) +M¡1u yf (t)
´
= xu(t) + "xu(t)
"xu = ¡K¡1u
³
"Äzu(t) +M¡1u "f (t)
´
9>=>; (5.1.1)
yxz(t) = H¡1
³
yxs(t) + yxu(t)
´
= xz(t) + "xz(t)
"xz(t) = H¡1
³
"xs(t) + "xu(t)
´
9>=>; (5.1.2)
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Tracking Controller
? 5-1-1 ????? "(t)???????????.
? 5-1-1????????????????????????y(t)?????????????
????? y(t) = [yÄz(t); yÄzu(t); yxs(t); yf (t)]T ????"(t)???????????????
???? "(t) = ["Äz(t); "Äzu(t); "xs(t); "f (t)]????
5.2 ?????????????????????
5.2.1 ????????
? 3?? 3?????????????? (3.3.2)?????????????????????
???????????????????????
b´(t) = (3®C´ + 2®B´)Hyxz(t) + ³(t)
_³(t) = A´ b´(t) + C´yÄz(t)
³(0) = [0 0]T
A´=
"
¡3I2 I2
¡2I2 O2
#
; B´ = [O2 I2]T ; C´ = [I2 O2]T
9>>>>>>>=>>>>>>>;
(5.2.1)
? (5.2.1)?????e´(t) = ´(t) ¡ b´(t)????????? e´(t)????? 3?? 4?????
?????????????
_e´(t) = ®A´ e´(t)¡ ®L _"xz ¡ C´"Äz(t)¡ ®¡1B´ _wa(t)
L = [3I2; 2I2]T
)
(5.2.2)
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5.2.2 ??????
???????????????????????????????? (5.2.2)????????
?? V (t) = e´(t)TP e´(t)?????????????????????????????????
????P ?? (5.2.3)??????????????????????
A´
TP + PA´ = ¡6I4
A´=
"
¡3I2 I2
¡2I2 O2
# 9>=>; (5.2.3)
?? 3 ??????????????????????
kewak2 · ®2(½xs + ½Äzu + ½f ) + ½Äz + ®¡2½ _wa (5.2.4)
????ewa(t) = wa(t)¡ bwa(t)???????½²??????????????? ²?????
????????????????
?? 3???: ? (5.2.3)????????? P ??????????
V (t) = e´(t)TP e´(t) (5.2.5)
?????V (t)????????????
_V (t) = ¡6®e´(t)e´(t)T
¡ 2®e´(t)TPLH¡1 _"xs(t)
+ 2®e´(t)TPLH¡1K¡1u _"Äzu(t)
+ 2®e´(t)TPLH¡1K¡1u M¡1u _"f (t)
¡ 2e´(t)TPC´"Äz(t)
¡2®¡1 e´(t)TPB´ _wa(t) (5.2.6)
????
¡2®e´(t)TPLH¡1 _"xs(t) · ®e´(t)e´(t)T + ®kPLH¡1k2k _"xs(t)k2
2®e´(t)TPLH¡1K¡1u _"Äzu(t) · ®e´(t)e´(t)T + ®kPLH¡1K¡1u k2k _"Äzu(t)k2
2®e´(t)TPLH¡1K¡1u M¡1u _"f (t) · ®e´(t)e´(t)T + ®kPLH¡1K¡1u M¡1u k2k _"f (t)k2
¡2e´(t)TPC´"Äz(t) · ®e´(t)e´(t)T + ®¡1kPC´k2k"Äz(t)k2
¡2®¡1 e´(t)TPB´ _wa(t) · ®e´(t)e´(t)T + ®¡3kPB´k2k _wa(t)k2
9>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>;
(5.2.7)
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???????????????
_V (t) · ¡®e´(t)e´(t)T + ®kPLH¡1k2k _"xs(t)k2 + ®kPLH¡1K¡1u k2k _"Äzu(t)k2
+ ®kPLH¡1K¡1u M¡1u k2k _"f (t)k2 + ®¡1kPC´k2k"Äz(t)k2 + ®¡3kPB´k2k _wa(t)k2
(5.2.8)
????
1
¸max[P ]
e´(t)TP e´(t) · e´(t)T e´(t) (5.2.9)
????????
¸max[P ]
¸min[P ]
kPLH¡1k2k _"xs(t)k2 · ½xs
¸max[P ]
¸min[P ]
kPC´k2k"Äz(t)k2 · ½Äz
¸max[P ]
¸min[P ]
kPLH¡1K¡1u M¡1u k2k _"f (t)k2 · ½f
¸max[P ]
¸min[P ]
kPLH¡1K¡1u k2k _"Äzu(t)k2 · ½Äzu
¸max[P ]
¸min[P ]
kPB´k2k _wa(t)k2 · ½ _wa
9>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>;
(5.2.10)
??????????????? ®??????????? ½i ??????
_V (t) · ¡® 1
¸max[P ]
V (t) + ®
¸min[P ]
¸max[P ]
½xs + ®
¸min[P ]
¸max[P ]
½Äzu + ®
¸min[P ]
¸max[P ]
½f
+®¡1
¸min[P ]
¸max[P ]
½Äz + ®
¡3 ¸min[P ]
¸max[P ]
½ _wa
(5.2.11)
????????????????????
V (t) · e¡® 1¸max[P ] tV (0) + ¸min[P ]
n
½xs + ½Äzu + ½f + ®
¡2½Äz + ®
¡4½ _wa
o
(5.2.12)
?????? A5???????????????? V (0) = 0??????
V (t) · ¸min[P ]
n
½xs + ½Äzu + ½f + ®
¡2½Äz + ®
¡4½ _wa
o
(5.2.13)
???
¸min[P ]e´(t)T e´(t) · e´(t)TP e´(t) = V (t) (5.2.14)
?????????
e´(t)T e´(t) · ½xs + ½f + ½Äzu + ®¡2½Äz + ®¡4½ _wa (5.2.15)
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?????? 3????? (???)?
?? 3????????????
R3 ????????????????? ewa(t)???????????? ®???????
??????? "Äz(t)?????????????????????? "xs(t)?"f (t)???
?? "Äzu(t)??????????????????????
?????????????? ®???????????????????????????
????????????????
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5.3 ???????????????????
? 5-1-1???????????????????????????????????????
???????????????????????????????? ®???????????
????????????????????????????????????????????
???????????????????????????????? 1?? 2?? 3?????
?????????????????????????? 4?? 2??????????????
?????? l = ¡1(lp = ¡0:3); 0(lp = 0:1); 1(lp = 0:4)[m]????????????????
??? 5-3-2?? 5-3-4???????????????????? _w(t)????????? ±i(t)
????????????????????? _w(t)????????? ±i(t)?????????
??????? l = ¡1(lp = ¡0:3); 0(lp = 0:1); 1(lp = 0:4)[m]???????????????
????????????????????????????????????????????
???????????????????????????? 5-3-1(a)????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????? 5-3-1(b)????????????? 5-3-2(b)?? 5-3-4(b)???????????
????????????????? 5-3-2(c)?? 5-3-4(c)?????????????????
?????????????? 5-3-2(d)?? 5-3-4(d)????????????????????
?????????? 5-3-2(e)?? 5-3-4(e)???????????????????????
? 5-3-2?? 5-3-4??????????? (1?6[Hz])???????????????????
??????? ®?????????????® = 103 ??????????????????
????????????????????????????????????????????
???????????????????????????????????????????
?????????????????????????? 40[dB]??????????????
????????????????????????????????????????????
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(b) 計測ノイズ，状態推定器がある場合．
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(a)  計測ノイズ，状態推定器が無い場合.
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? 5-3-1 ?????????????????.
????????????????????????????????????????? 70[dB]?
? 70[dB]?? 100[dB]???????????????????????????? 5-3-3???
l = 0(lp = 0:1)????5.4[Hz]??????????????????????????????
???????????????????????????????????????-20[dB]?
????????????????????????????????
???????????????????????????????????????????
???????????
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(b)  車体の上下加速度センサのゲイ
ン特性の変化.
(c)  バネ下質量の上下加速度センサの
ゲイン特性の変化.
(d)  サスペンションの位置センサのゲ
イン特性の変化.
(e)  力センサのゲイン特性の変化.
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(a) 車体上の指定位置
? 5-3-2 ??????? ®?????????
??????????????? l = ¡1[m].
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(b)  車体の上下加速度センサのゲイ
ン特性の変化.
(c)  バネ下質量の上下加速度センサの
ゲイン特性の変化.
(d)  サスペンションの位置センサのゲ
イン特性の変化.
(e)  力センサのゲイン特性の変化.
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(a) 車体上の指定位置
? 5-3-3 ??????? ®?????????
??????????????? l = 0[m].
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(b)  車体の上下加速度センサのゲイ
ン特性の変化.
(c)  バネ下質量の上下加速度センサの
ゲイン特性の変化.
(d)  サスペンションの位置センサのゲ
イン特性の変化.
(e)  力センサのゲイン特性の変化.
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(a) 車体上の指定位置
? 5-3-4 ??????? ®?????????
??????????????? l = 1[m].
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5.4 ????????????????????????????
????????
???????????????? 1?6[Hz]???????????????????????
????????????????????????????????????????????
???????????????????
? 4?? 4??????????? (4.4.3)????????????????????????
"»i(t)?i = 1; 2; 3 ???????????????
y»0 = »0(t) + "»1(t) = exz(t)¡ (MuH)¡1L¡1· ¯(s+ ®u)L[exu(t)]
¸
+ "»1(t)
_y»0 = _»0(t) + "»2(t) =
_exz(t)¡ (MuH)¡1L¡1· ¯s(s+ ®u)L[exu(t)]
¸
+ "»2(t)
Äy»0 = ¹(t) + "»3(t) = ed(t) ¡ (MuH)¡1L¡1· ¯s2(s+ ®u)L[exu(t)]
¸
+ "»3(t)
"»1(t) = "xz(t)¡ (MuH)¡1L¡1
·
¯
(s+ ®u)
L["xu(t)]
¸
"»2(t) = _"xz(t)¡ (MuH)¡1L¡1
·
¯s
(s+ ®u)
L["xu(t)]
¸
"»3(t) = H¡1"Äz(t)¡ (MuH)¡1L¡1
·
¯s2
(s+ ®u)
L["xu(t)]
¸
9>>>>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>>>>;
(5.4.1)
?? (4.4.5)?????????????????? y»(t)????????????
y»(t) = y»0 + 2 _y»0 + Äy»0
= »(t) + "»(t)
"»(t) = "»1(t) + 2"»2(t) + "»3(t)
9>>=>>; (5.4.2)
??????????????????????(4.4.19)?????????????
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u(t)= ¡(HT )¡1(°I2 +£»)L¡1
·
2s
s+ 1
L[exz(t)]¡ s
s+ 1
(MuH)¡1
¯s
s+ ®u
L[exu(t)]¸
+ u2(t) + "u(t)
"u(t) = ¡(HT )¡1(°I2 +£»)L¡1
·
2s
s+ 1
L["z(t)]¡ s
s+ 1
(MuH)¡1
¯s
s+ ®u
L["xu(t)]
¸
_u2(t) = ¡u2(t)
¡ (HT )¡1L¡1
·
(°I2 +£»)
³
L[»0(t)] + L[ed(t)]¡ 2(MuH)¡1 ¯ss+ ®uL[exu(t)]
´
+£mL[!m(t)]
¸
+ "u2(t)
"u2(t) = ¡(HT )¡1L¡1
·
(°I2 +£»)
³
L["»1(t)] + L["d(t)]¡ 2(MuH)¡1 ¯s
s+ ®u
L["u(t)]
´¸
9>>>>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>>>>;
(5.4.3)
??????? (4.4.20)??????????????? ux(t)??
ux(t) = ¡(HT )¡1
½
°»(t) + £m!m(t) + £»»(t)
¾
+ "ux(t)
"ux(t) = ¡(HT )¡1
½
(°I2 +£»)"»(t)
¾
"»(t) = f"xz(t) + 2 _"xz(t) +H¡1"Äz(t)g
¡¯(MuH)¡1L¡1
·
s2 + 2s+ 1
(s+ ®u)
L["xu(t)]
¸
9>>>>>>>>>>>=>>>>>>>>>>>;
(5.4.4)
??????e£² = £² ¡£² ??????????????????????????
_»(t) =M¡1
½
¡ °¡»(t) + "»(t)¢+ e£m!m(t) + e£»»(t)¡£»"»(t) +H»x»(t)¾ (5.4.5)
?????? (5.4.3)????????????????????????????
?? 4 ??????? ° ?
2° ¡ ¸max[M ] ½»1 > 0
½»1 = 2 + kM¡
1
2 k2kH»k2 + 2ke£»kkM¡ 12 k2 + kP»k2kK»k2M¡ 12 k2
9=; (5.4.6)
??????????????? (5.4.3)???????????????????
?? 4???
???? »(t)???????????????????? V (t)??????????????
????
V (t) = V1(t) + V2(t)
V1(t) = »(t)TM»(t); V2(t) = x»(t)TP»x»(t)
9=; (5.4.7)
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?????? P» ???????????????????????????
J»
TP» + P»J» = ¡3I10 (5.4.8)
???????????????????????
_V (t) = 2»(t)TM _»(t) + 2x»(t)TP» _x»(t)
= ¡2°»(t)T »(t)¡ 2°»(t)T"»(t) + 2»(t)T e£m!m(t) + 2»(t)T e£»»(t)
¡ 2»(t)T£»"»(t) + 2»(t)TH»x»(t)
+ x»(t)T (J»TP» + P»J»)x»(t) + 2x»(t)P»K»»(t)
9>>>>>>>=>>>>>>>;
(5.4.9)
????
¡2°»(t)T »(t) · ¡ 2° 1
¸max[M ]
»(t)TM»(t)
¡2°»(t)T"»(t) · ° 1
¸max[M ]
»(t)TM»(t) + °¸max[M ]kM¡ 12 k2k"»(t)k2
2»(t)T e£m!m(t) = 2»(t)TM 12M¡ 12 e£m!m(t) · »(t)TM»(t) + kM¡ 12 k2ke£mk2k!m(t)k2
2»(t)T e£»»(t) = 2»(t)TM 12M¡ 12 e£»M¡ 12M 12 »(t) · 2kM¡ 12 k2ke£»k»(t)TM»(t)
¡2»(t)T£»"»(t) = ¡2»(t)TM 12M¡ 12£»"»(t) · »(t)TM»(t) + kM¡ 12 k2k£»kk"»(t)k2
2»(t)TH»x»(t) = 2»(t)TM
1
2M¡
1
2H»x»(t) · kH»k2kM¡ 12 k2»(t)TM»(t) + kx»(t)k2
2x»(t)P»K»»(t) = 2x»(t)P»K»M¡
1
2M
1
2 »(t) · kx»(t)k2 + kP»k2kK»k2»(t)TM»(t)
1
¸max[P»]
x»(t)TP»x»(t) · x»(t)Tx»(t)
9>>>>>>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>>>>>>;
(5.4.10)
???????? (5.4.9)???????
_V (t) = ¡
(
°
¸max[M ]
¡ ½»1
)
V1(t)¡ 1
¸max[P»]
V2(t) + °½»2 + ½»3 + ½»4
° ¡ ¸max[M ] ½»1 > 0
2 + kM¡ 12 k2kH»k2 + 2ke£»kkM ¡12 k2 + kP»k2kK»k2M ¡12 k2 · ½»1
¸max[M ]kM¡ 12 k2k"»(t)k2 · ½»2
kM¡ 12 k2k£»k"»(t)k2 · ½»3
kM¡ 12 k2ke£mk2k!m(t)k2 · ½»4
9>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>;
(5.4.11)
????????½»i; i = 1?4????????? ° ???????????????????
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???
V (t) · e¡±tV (0) + ° ½»2
±
+
½»3
±
+
½»4
±
± = min
½
°
¸max[M ]
¡ ½»1;
1
¸max[P»]
¾
9>>>=>>>; (5.4.12)
????????? (5.4.12)????????????????????????
?????
?? 4????????????????????????????????????????
????????????????????
? 2 ?????? (5.4.3)????????????????????????????????
?? »(t)????????????
k»(t)k2 · ¸max[M ] (°½»2 + ½»3 + ½»4 + ½»6)¡
° ¡ ¸max[M ] ½»5
¢
¸min[M ]
(5.4.13)
?????½»i; i = 1; 2; 3; 4; 5; 6??° ?????????????
? 2???
?????? »(t)?????????????
???????? V» ??
V»(t) = »(t)TM»(t) (5.4.14)
????? (5.4.11)??????????????????
_V»(t) = ¡
(
°
¸max[M ]
¡ ½»5
)
V»(t) + °½»2 + ½»3 + ½»4 + ½»6
° ¡ ¸max[M ] ½»5 > 0
½»5 = 2 + kM¡
1
2 k2kH»k2 + 2ke£»kkM ¡12 k2
½»6 = kx»(t)k2
9>>>>>>>>>=>>>>>>>>>;
(5.4.15)
????????????????????
V»(t) · e¡
©
°
¸max[M]
¡½»5
ª
tV»(0) +
°½»2 + ½»3 + ½»4 + ½»6
°
¸max[M ]
¡ ½»5
(5.4.16)
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?????? A5???????????????? V»(0) = 0???????
V»(t) ·
°½»2 + ½»3 + ½»4 + ½»6
°
¸max[M ]
¡ ½»5
(5.4.17)
??????????
¸min[M ]»(t)T »(t) = ¸min[M ]k»(t)k2 · V»(t) (5.4.18)
??????? (5.4.13)???????
(???)
? 2????????????
R4 ?????????????????????????????????????????
?????? ° ???????? k»(t)k?????????????????????
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? 5-5-1 ?????????????.
5.5 ?????????????????????
??????????????????????????????????? 5-5-1?????
5?? 3????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??? 1?? 2?? 3???????????????? ® = 1000; ®u = 10; ¯ = 10?????
???? v = 100£ 1000=3600[m=s]??????????????????? 5?? 1?????
????????????????? 4?? 2??????????????
5.5.1 ??????????????????????????
????????? ° ??? ° = 3 £ 102?3 £ 104?3 £ 106?3 £ 107?3 £ 108 ??????
?????????????????????????????????? l = ¡1(lp = ¡0:3)?
l = 0(lp = 0:1)?l = 1(lp = 0:4)[m]????????????????????????????
???? 5-5-2?5-5-4?????????????? _wa(t)????????? ±²(t)?????
???????????????? ° = 3£ 107 ??????????????????????
????????????????????????????????????????????
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????????????????????????????????????????????
??????????????????????????????????????
? 5-5-2?5-5-4???????????? °???????????????????????
?????????????????° = 3 £ 106 ?????????????????????
??????????????1?6[Hz]??????????????????????????
?????? 20[dB]??????????????????????????????????
??????????????????????????????
? 4?? 5????????????° ??? ° = 3£ 107 ????????????????
???????????????????????20[dB]??????????????????
????????????????????? 40[dB]????????????????????
?? 80[dB]????????????? 100[dB]??????????? 40[dB]???????
????????????????????????????????????????????
????????? 40[dB]?100???60[dB]?1000????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
?????? 70[dB]???????????????????????????????????
?????? 30[dB]???????????????????????
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? 5-5-4 ????????????????? l = 1(lp = 0:4)[m]
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5.5.2 ?????????????????????????
???????????????????????????????????????????
???????????????????????????????????????? 1[Hz]?
6[Hz]?100[Hz]?1000[Hz]??????????????? 5-5-5??????????????
?????? Gf (s)???????
Gf (s) =
!2n
s2 + 2!ns+ !2n
!n = 6:28 (1[Hz])
!n = 62:8 (6[Hz])
!n = 628 (100[Hz])
!n = 6280 (1000[Hz])
9>>>>>>>>>=>>>>>>>>>;
(5.5.1)
? 3-4-1(a)???1[Hz]????????????????????????? l = ¡1(lp = ¡0:3)?
l = 0(lp = 0:1)?l = 1(lp = 0:4)[m]??????????????????? 5-5-6?? 5-5-8??
??? 5-5-6(a)(b)?? 5-5-8(a)(b)????????????? 1?6[Hz]????????????
?????????????????????? 5-5-6(c)(d)?? 5-5-8(c)(d)??????????
??? 100[Hz]?????????????????????????????????????
? 1000[Hz]??????????????????????????????????????
????????????????????????????????????????????
??????????????????????
???????????????????????????????????????????
?????????????????????????????????????????????
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(a) 周波数が 1[Hz]の場合
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(c) 周波数が 100[Hz]の場合 (d) 周波数が 1000[Hz]の場合
? 5-5-5 ?????
80
0 1 2
[s]
[m/s2]
0 1 2
[s]
[m/s2]
0 1 2
[s]
[m/s2]
0 1 2
[s]
[m/s2]
(a) Frequency of noise is 1[Hz] (b) Frequency of noise is 6[Hz]
(c) Frequency of noise is 100[Hz] (d) Frequency of noise is 1000[Hz]
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
? 5-5-6 ??????????????????? l = ¡1(lp = ¡0:3)[m]????
??????????
81
-0.8
-0.8
0 1 2
[s]
[m/s2]
0 1 2
[s]
[m/s2]
0 1 2
[s]
[m/s2]
0 1 2
[s]
[m/s2]
(a) Frequency of noise is 1[Hz] (b) Frequency of noise is 6[Hz]
(c) Frequency of noise is 100[Hz] (d) Frequency of noise is 1000[Hz]
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
? 5-5-7 ??????????????????? l = 0(lp = 0:1)[m]????
??????????
82
0.6
0 1 2
[s]
[m/s2]
0 1 2
[s]
[m/s2]
0 1 2
[s]
[m/s2]
0 1 2
[s]
[m/s2]
(a) Frequency of noise is 1[Hz] (b) Frequency of noise is 6[Hz]
(c) Frequency of noise is 100[Hz] (d) Frequency of noise is 1000[Hz]
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
? 5-5-8 ??????????????????? l = 1(lp = 0:4)[m]????
??????????
83
?6? ??
6.1 ??
???????????????????????????????????????????
????????????????????????????????????????????
??????????????????????????????????????????? ®
??????????????????????????????????????
?????????????????????????????????? [23]?[27]????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????? Au(s)????????????????????????????
?????? ®u?????Mb?Ku ???????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????????????????? °???????????????????
????????????????????????????????????????????
????????????????????????????????????????????
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????????????????????????????????????????????
?????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????1?6[Hz]????????
????????????????????????????????????????????
????????????????????????????????????????????
?????????? °?????????????????????????????????
????????????????????????????????????????????
???1?6[Hz]?????????????????????????????????????
?????????????????????????
6.2 ?????
???????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????????????????????????
????????????????????????????????????????????
???????????????????
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